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Current concerns on the scarcity of resources necessitate the road 
building industry to review its production of asphaltic concrete. The use of 
Warm Mix Asphalt (WMA) technologies with asphalt mixtures containing 
reclaimed asphalt pavement (RAP) may provide synergistic advantages. 
WMA-RAP mixes conserves scarce resources such as aggregates by 
using RAP as partial replacement of aggregates and reduces the use of 
energy (reduction in production temperature) by using WMA additives. 
Most specifications allow not more than 30% RAP as higher percentages 
of RAP introduces variability in the material properties and produces 
inconsistencies in asphalt mix properties. The goal of this study was to 
evaluate the performance of warm mix asphalt with high proportions of 
RAP (30%, 40% and 50%) and using Sasobit as the warm mix additive to 
reduce the mixing and compaction temperature. The research focused on 
performance investigations of conventional hot mix asphalt using AC14 
gradation as control mix and three types of warm mix asphalt with AC14 
gradation incorporating high proportions of RAP (30%, 40%, and 50% 
RAP). The research was carried out in three phases, namely; the pilot 
phase to ensure that all research materials conform to the specifications, 
Over the years, consolidation settlement has always been associated 
with effective stress increase. However, in unsaturated soils, volume 
change behaviour of soils due to wetting is always complex due to 
changes of the soil when it is inundated. The main objectives of this 
research are to evaluate the simulation of foundations on unsaturated 
soil using various soil models incorporating loading and wetting collapse 
of the soil and to verify the settlement behaviour through physical model 
and laboratory shear strength test on unsaturated soil samples. The 
double wall triaxial apparatus was used to determine the unsaturated 
shear strength of the soil following Curved Surface Envelope Soil Shear 
Strength Model. The Modified Rowe’s cell apparatus was used to model 
the loading and wetting collapse behaviour of the soil, hence simulate 
using the Rotational Multiple Yield Surface Framework. The proposed 
shear strength equation and model for saturated and unsaturated 
conditions are in good agreements with the Kuala Kubu Baharu granite 
Flood simulation models that have been developed in these decades are 
mostly influenced by local factors. Building a good flood model begins with 
determining the amount of rainfall that is influenced by local meteorology; 
and this model can estimate the rainfall pattern in the next catchment 
area, in which the runoff will flow to the ocean. However, most of the 
developed models are not capable of merging the whole hydrologic cycle, 
where the models should incorporate rainfall models with meteorological 
parameters. This step is very important as to first, project the amount of 
rainfall in a particular catchment area, considering the overall hydrologic 
model and second, to identify the areas with flood risks, considering the 
tidal effect. In order to fix the shortcoming, this study introduces a rainfall 
model that has been developed using selected rainfall parameters with the 
aim to recognize rainfall depth in a catchment area. In order to examine 
its ability, the rainfall model will be integrated with selected hydrologic 
models after the development phase. The result will influence quantity 
of flood in the catchment area, if a flood simulation model that considers 
every factor in hydrologic cycle were to be developed. This study proposes 
a rainfall model that utilizes the amount of rainfall, temperature, humidity 
Faculty of 
Civil Engineering
L e a d i n g  Y o u  T o  G r e a t e r  H e i g h t s ,  D e g r e e  b y  D e g r e e 7
the second phase was to carry out the mix design to 
produce the WMA-RAP mixes and the third phase was 
to investigate the performance of the mixes. Marshall 
Method was used to produce all samples to determine 
the proper concentration of Sasobit to be added into the 
asphaltic concrete, and in establishing the suitable mixing 
and compaction temperature, this phase also consist of 
the determination of optimum bitumen content for 30%, 
40% and 50% RAP mixes. The criteria followed are those 
set in Section 4, Malaysian Specification for Road works, 
published by the Public Works Department of Malaysia 
(PWD Malaysia). Thereafter, the volumetric properties, 
Marshall stability, flow and the performance of all mixes 
in terms of stiffness, moisture damage, rut depth and 
fatigue were investigated. The results show no substantial 
differences in volumetric properties.  The stability and 
stiffness values of WMA-RAP mixes were higher than 
those of the control mix. The rut depths of all WMA-RAP 
residual soil, which proves that the Curved Surface 
Envelope Soil Shear Strength Model is applicable to 
gravels and granite residual soil with 30 % fines. Hence, 
the prediction of the stress strain response for every 
specimen can be established during initial shearing of 
the specimen producing a general unique relationship 
between minimum mobilised friction angle,   minmoh against 
axial strain, εa. The unique relationship curve follows the 
true behaviour of soil since the stiffness is related to the 
resisting strength parameters, which are   minmoh and εa. A 
settlement comparison was made between the simulated 
settlement values and the laboratory modelling showing 
that the simulation is almost similar to the laboratory 
modelling and is in good agreements to the laboratory 
modelling for unsaturated Kuala Kubu Baharu granite 
and pressure records taken from selected stations 
in Peninsular Malaysia and they are analyzed using 
SPSS multiple regression model. The analysis shows 
that the selected meteorological parameters influence 
the rainfall development. As a result, the rainfall model 
developed for Senai proves that it can be used in Kota 
Tinggi catchment area within the limit boundaries, as 
the two stations are close from one another. Then, the 
amounts of rainfall at the Senai and Kota Tinggi stations 
are compared and the calibration analysis shows that the 
proposed rainfall model can be used in both areas. Kota 
Tinggi, Johor is chosen as the study area because of its 
flood records in 2006 and 2007. The amount of rainfall 
collected from selected stations in Kota Tinggi catchment 
has been processed using hydrologic model, HEC-HMS 
to identify the ability of Kota Tinggi as a catchment area 
in order to accommodate a huge amount of runoff that 
can cause flooding. During calibration process, the tests 
mixes were relatively lower than the control mix. The 
fatigue life-cycle, all WMA-RAP mixes performed better 
than the control mix. The WMA-RAP mixes also met the 
minimum Tensile Strength Ratio (TSR) criteria of 80%. 
The performance models have been developed through 
regression analysis for resilient modulus, moisture 
damage, rut depth, and fatigue. It can be concluded that 
WMA-RAP mixes performed similar to or better than the 
conventional hot mix asphalt. It is recommended that 
further research on the performance of WMA-RAP is 
carried out for other gradation types and asphalt mixes. 
Also, a full scale study should also be carried out to 
measure and compare the field performance of WMA-
RAP mixes with conventional hot mix asphalt mixes. 
residual soil. This showed that significant settlements 
occurred when the soil is nearly saturated. In conclusion, 
the shear strength of granite residual soil predicted from 
the simulation using Curved Surface Envelope Soil Shear 
Strength Model is in good agreements with the triaxial 
test results and the wetting collapse settlement can 
be explained from the simulation and validation using 
Rotational Multiple Yield Surface Framework. In fact, 
the experimental results agreed with the simulation and 
formulation produced from this model and framework, 
hence, the complex wetting collapse behaviour of 
unsaturated soil can be explained and predicted with this 
fundamental approach.
demonstrate that the simulation data and the data from 
previous floods are almost similar. This result suggests 
that the damaging floods in 2006 and 2007 were caused 
by Sungai Johor’s incapability to accommodate the 
increased amount of rainfall and tidal effect at that time. 
In addition, flood inundation model is then developed for 
Kota Tinggi’s catchment area, which includes Sungai 
Johor and the lowland areas in Kota Tinggi, using 
InfoWork RS and SURF7. The flood inundation model 
integrated with hydrologic and rainfall models produce 
data that resembles the data collected during flooding. In 
conclusion, the calibration analysis and validation for each 
suggested model show that the combination of rainfall, 
hydrologic and simulation models enhance the overall 
result and could be developed using selected parameters 
for each catchment area of interest. 
